Tinnitus patients suffer from not only auditory sensations but also physical, mental, and social difficulties. Even though tinnitus is believed to be associated with the autonomic nervous system, changes in autonomic conditions in tinnitus patients are not receiving much research attention. The aims of this study were to investigate the autonomic condition of tinnitus patients and to consider Korean medicine in the treatment of tinnitus with an evidence-based approach. We performed a retrospective chart review and compared the heart rate variability (HRV) parameters of 40 tinnitus patients (19 acute and 21 chronic) and 40 healthy controls. In tinnitus patients, the power of the high frequency component and total power of the HRV significantly decreased ( < 0.05), and the low frequency to high frequency ratio significantly increased ( < 0.05). There was no significant difference between the acute and chronic patients. When comparing each group with the controls, there was a tendency that the longer the duration of tinnitus was, the larger the observed HRV change was. In conclusion, tinnitus patients have vagal withdrawal and sympathetic overactivity, and chronic tinnitus more strongly affects autonomic conditions than acute tinnitus. This study provides evidence for Korean medical treatments of tinnitus, such as acupuncture and Qi-training, that cause modulation of cardiac autonomic function.
Introduction
Tinnitus is an auditory phantom sensation experienced when no external sound is present [1] . Its prevalence in Korea has been reported to be 10.5% of the non-noise-exposed population and increases with age [2, 3] . Tinnitus can be categorized according to the duration of the disease. Generally, acute tinnitus is defined as a condition lasting shorter than three months, and chronic tinnitus is considered as a condition lasting longer than three months [4] . Tinnitus is also classified as subjective or objective. In most cases, tinnitus is described as subjective, which cannot be heard by anyone other than the patient [5] . Therefore, subjective tinnitus was the focus of this study.
Patients who experience tinnitus often report associated symptoms, such as emotional difficulties, sleep deprivation, and interference with social interactions [6] . Additionally, the annoyance of tinnitus is not correlated with the acoustic characteristics, but there is a significant correlation with psychological symptoms [7] . Although there are some management options for tinnitus and associated difficulties [8] , little high-level evidence exists regarding the efficacy and specificity of the various options currently in use. Therefore, the choice of treatment is now largely in the hands of the individual clinician [9] .
The autonomic nervous system (ANS) is a major factor in the difference between simply perceiving tinnitus and being distressed by it [10] . Heart rate variability (HRV) is a noninvasive quantitative and qualitative tool that can be used to evaluate the function of the ANS. HRV studies should enhance our understanding of the physiological phenomena and disease mechanisms of tinnitus. Also, these types of studies may be useful for selecting the most effective therapeutic interventions [11] .
There are prior studies regarding tinnitus and the autonomic nervous system. One study reported that heart rate variability (HRV) is suppressed and the sympathetic activity of the ANS is predominant in tinnitus patients [12] . In another study regarding tinnitus severity and neural activity, tinnitus distress correlated positively with sympathetic markers and negatively with parasympathetic markers [13] .
However, in previous studies, the number of patients enrolled was small, and the data from control patients did not compensate for age or sex. Also, few studies have evaluated the acute and chronic effects of tinnitus on the ANS. The aims of the present study were to investigate the clinical features of the ANS in tinnitus patients and to define the relationship between the duration of tinnitus and variations in the ANS. The eligibility criterion for inclusion was first-time Korean adult outpatients presenting for treatment of subjective tinnitus (both bilateral and unilateral). Exclusion criteria were (1) the presence of disease known to affect HRV (cardiovascular, endocrinologic, autoimmune, neurologic, and psychiatric disorders, including alcoholism and polytoxemia), (2) patients with a history of smoking, (3) anticholinergic, antidepressant, or contraceptive pill use for at least four weeks prior to the study, (4) hormone replacement therapy, and (5) pregnancy.
Materials and Methods

Healthy Controls.
The control group was comprised of healthy people who presented for a health checkup at the Health Promotion Center, Kyung Hee University Hospital in Gangdong, Seoul, Republic of Korea, from March 2011 to December 2011.
Inclusion criteria were (1) Korean adults who underwent an overall health checkup and had a measured HRV and (2) whose age and sex were matched with those of the tinnitus patients. The exclusion criteria were the same as for the tinnitus patients. After screening the healthy controls, we extracted random samples equally matched to the age and sex distributions of the patient group.
HRV Analysis.
Subjects removed any metal attachments from their bodies and were seated on comfortable chairs in a quiet room and then asked to relax for 15 minutes. After the relaxation period, electrocardiography recording was performed for 5 minutes and was then assessed by the SA-3000P (Medicore Inc., Seoul, Republic of Korea).
The HRV spectrum contains three major components: a very low frequency (VLF, below 0.04 Hz), a low frequency (LF, 0.04-0.15 Hz), and a high frequency (HF, 0.15-0.4 Hz). Recommendations for interpretation of HRV parameters are summarized in Table 1 . The HRV was assessed on the basis of the frequency domain measures performed with the use of fast Fourier transformation [11, 14] .
Statistical
Analysis. SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for data management and statistical analysis. All continuous variables are expressed as mean ± standard deviation (SD). Sex distribution was analyzed using the Chi-square test, and age was evaluated by analysis of variance (ANOVA). HRV variables that were not normally distributed were log-transformed prior to statistical analysis for parametric statistical analysis of nonnormally distributed data by Duan's smearing equation [15] . Transformed HRV variables were analyzed using an independent sample t-test or one-way ANOVA between groups. If there were statistically significant differences between groups in ANOVA, the post hoc test was used to identify them. A value less than 0.05 was considered statistically significant.
Results
Subjects.
In the tinnitus patient group, 79 patients were screened, and, of these, 40 (19 acute and 21 chronic) were included in the study. The mean ages of the acute and chronic patients were 45.21 ± 12.46 (SD) years and 47.81 ± 15.87 (SD) years, respectively.
In the healthy control group, we screened 2,114 people, and 40 of these, aged 46.53 ± 14.23 (SD) years, were finally selected as healthy controls. There were no significant differences in the age or sex distribution of the groups. Clinical characteristics of the study participants are summarized in Table 2 .
HRV Parameters for Healthy Controls and Tinnitus
Patients. The mean values of the HRV measurements are listed in Table 3 . In the tinnitus patients, TP and HF were Data are or mean ± SD. Sex distribution was evaluated using the Chi-square test. Age was evaluated by analysis of variance (ANOVA). Statistical significance was set at a value < 0.05. HRV data were log-transformed prior to statistical analysis. The values given are the mean ± SD. Statistical significance was set at a value < 0.05, using independent sample -test. TP: total power; VLF: very low frequency; LF: low frequency; HF: high frequency; LF/HF: ratio of absolute LF to HF power; * < 0.05; * * < 0.01.
lower, and the LF/HF was significantly higher than in controls. However, VLF and LF were not significantly different between the groups.
HRV Parameters for Healthy Controls and Acute and Chronic Tinnitus Patients.
The values of the HRV parameters, divided into acute and chronic tinnitus patients, are summarized in Table 4 . No significant differences were found between the acute and chronic patients. When compared to controls, only the HF was significantly decreased in acute patients; however, in chronic patients, the HF was significantly, decreased and the LF/HF was significantly increased.
Discussion
We investigated the autonomic condition in tinnitus patients as compared with healthy controls, as well as the acute and chronic effects of tinnitus on the ANS. Considering the differences in autonomic conditions between tinnitus patients (combined acute and chronic tinnitus patients) and healthy controls, the TP and HF were significantly decreased, and HRV data were log-transformed prior to statistical analysis. The values given are the mean ± SD. Statistical significance was set at a value < 0.05, using analysis of variance (ANOVA). If there were statistically significant differences between groups, the post hoc test (Duncan) was used to identify them with " a, b ". TP: total power; VLF: very low frequency; LF: low frequency; HF: high frequency; LF/HF: ratio of absolute LF to HF power; * < 0.05; * * < 0.01. the LF/HF was significantly increased in tinnitus patients. A decreased TP could reflect a depressed state of the overall HRV, which has also been reported in several diseases [11] and stressful conditions [16] . A reduced HF can indicate reduced parasympathetic activity. An increased LF/HF could be due to either increased sympathetic autonomic modulation or decreased parasympathetic activity [17] . In the current series, the LF was nearly unchanged, but the HF was decreased in tinnitus. Therefore, the increase of the LF/HF is mainly due to reduction of parasympathetic activity, and this may cause sympathomimetic symptoms to appear more dominant. This result indicates that overall HRV and parasympathetic functions are significantly depressed and sympathetic activity is relatively predominant in tinnitus patients. This is in agreement with a previous study reporting that overall HRV is suppressed and that the activity of the sympathetic branch of the ANS predominates in tinnitus patient [12] . However, the results cannot be adequately compared to prior research because studies on the relationship between tinnitus and autonomic condition are rare. Therefore, understanding that tinnitus is a form of noise perception, we searched for studies regarding noise and HRV and found interesting reports. Previous studies demonstrated reduced parasympathetic activity when listening to a mechanical sound, as opposed to synthesizer music or bird twitters, which have very different frequency components [18] . Because the sound of tinnitus is often a simple frequency, this may be consistent with the results of the present study. In another study, sympathetic activity was increased under exposure to acute noise [19] , similar to the current results.
When tinnitus patients were divided into acute and chronic groups, there were no significant differences in HRV parameters. When comparing each group with the controls, in acute tinnitus patients, only the HF was significantly decreased. However, in chronic tinnitus patients, HF was significantly decreased, and the LF/HF was significantly increased. This can be interpreted to mean that chronic tinnitus has a stronger effect on changes in autonomic conditions compared with acute tinnitus.
In Korean medicine, tinnitus patients are treated with various modalities, such as acupuncture, herbal medicine, counseling, and Qi-training [20] [21] [22] . Previous studies have revealed that acupuncture at the Sishencong points and Qitraining enhanced cardiac vagal and suppressed sympathetic activities in humans [22, 23] . In a recent study, epifascial acupunctural stimulation at CV17 also increased vagal activity, and the presence of a specific acupunctural point that causes the modulation of cardiac autonomic function is suggested [24] .
There are several limitations of the current study. The current study was controlled for age-and sex-related differences but not variations in symptom severity. Also, the HRV data were not measured at the same time of the day, so a circadian variation of HRV cannot be excluded.
To our knowledge, this is one of only a few studies regarding the effects of tinnitus on the autonomic condition. The results of the current study should help to elucidate the associated symptoms leading to a progressive deterioration in quality of life for tinnitus patients and aid in selecting proper Korean medical treatment options for alleviating the accompanying symptoms.
Conclusions
According to the HRV analysis of tinnitus patients, we conclude that tinnitus patients have significantly altered HRV parameters compared to healthy controls. Tinnitus reduced parasympathetic activity and chronically induced sympathetic overactivity. Chronic tinnitus had a stronger effect on autonomic changes than acute tinnitus. These findings provide evidence supporting Korean medical treatments for tinnitus, including modalities such as acupuncture and Qitraining, which enhance cardiac vagal and suppress sympathetic activities in humans. The underlying mechanisms and potential applications of Korean medicine for tinnitus warrant further investigation.
